


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1977-03 


An investigation of the nuclear continuun in 
the fissionable nucleus (238)U with 87.5 MeV electrons 


Houk, William Alvah: Moore, Richard Warren 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/18169 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
Ŵ DUDLEY research materials and institutional publications created by the NPS community. 
«till ny Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

"u LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http: //wwwenps.edu/library 


-~= s 









VO | i Å Bart a KIN zv d AÑ N 








; I [ WD. SM f ` i MS WM 
DENDO cw ne SMS a 
| i i ai i ' SM bs ad | i 
KA i å m MA m E — `w 
MM Minn ERS 
' 1 a M 1 [ A Ju A i J Aa øl A i 
| ; Au a KU vu Nem noh Naa 
| De Ha 


































i LI I 
' Ñ [ DEI PR 1 AN 4 " : A 
i i | H 
à " B | ^ 11 "KA 
! ar i a i a wt 
i 'i Å nm sA T. AB 
Wa r š ' A pi [] 
I 4, E V TWIN 
s " " " U I LI d 4 fi 
A i | i i [| T a 
! N ON 
i i ! c 
N N 1 I". M. A 
; 1 | A i 
Li i i ì År k [| = 
[| 4 i T 
U E k Al 
i i Å bi 
3 hr t 
i a * 
i q : 31 1 | 
Sn ! ' 
Y P " v a^ 
j | T [ Mi 
Tv 
i ) " 
1 [| i i | 
L] Wa 1 
i I i 
A Pi | 
` 
a I 
n ur i} 
| m DOT b 
N ! , "4^5 n Ap b f. 
b I DE Mi IE 
D I u f w 
i 1 d i w Y Fi P. a. Nu 
i Ti cao NG Í. NG 
| L ` LES CT ET 
L B. | WR n 
i 4 [| Å | å 
i A y i Ŵ TT " 
i i y O A y tr 
å B M 
B g 
i TAN N i Mt 
i TT AS 2 4 I 
= MOA NGA A, MENA [| 
I | EA y o ' er 
MEN | 
l [| I B 8 f n, 
“NN AN I ug. d 
a L] " Ng jz T 
| Y | | 1 N ut pl n 
I, X! MATH S LPs: s" = t 
- KOP Ba T 
y Å i Ji JET Å ' 
" | M LE A “ n f 
| N Ti sun I r i LAYU, Ld I yu a M 
Mc MW 
Å sa | N Y Å GU el * i e 
| | "rn nå WWW - IT 
i A " h i d 
- TE Y TEN Ng 
| y ' VE Ver Ue I 
" | ULE LA i 
| I Lu Ŵ | iy W Y f 
J Mi " O N i'i di s 
I ar | re MIOS 
Mm Lour LENG 
- rary RE I 
k i LIEN! rh a L 
Y ' Mi iar 
i | UN i Y Y | 
i y " L | Å ' 
| | l ° ra 
7 I I " i sul m t 
| l t J i " 1 
| Å i : - - F (T. gy T Ú i IG Ŵ E 
, FEN E å Ë 
Ni! LENI ; N i “kw s NS = 
| i i WW WN Ta ' 
SEN P i T i 5 
: 1) A TAL TF [ - 
' 2 n Í GAN BL ' 
> E | T | K NG ør 
' 
) | k = : | m 
' Ë Ë T? 
| ' n 
i : [| i D 
’ i 
i | | K ; i Li i 
| " à A ! 
F y ! I 
[ ! ia ) d 
i i 
x Dre I 
! . o. (Y'n n DAN 
4 " Pi 
[ 5 YU J i 4 t 
i i N [F 
[| i - = I | ry" pa 
, i LI | u y ai 
y hr [ P» 
i NG A'm T N 
I UL | M 
| iq A ora IL 
Ü L 
[! A 
| " ER" 
i ra [| n 
Å k 
vr 4 ^ 
I i i Tyi 
[NU "VN i 
F f P nr th å í r 
| ve, T Ç i | 4 MO ie 
3 Ki» d å Å n e Pun 
T AU UA PANO o. 
4 IA KA | fs NN 
"n OA Y i5 NW 
a Je. 
USA. W 
| y : M ; y F Pu 
to | 1 Je, PECORE D DE EL PE des 
OG NG OK PAURONG EE He Yy 
bi E Ki fR y A [ 
T REN NI y ko mi 
dy! L d Mf E sinh a S 
> ^) ¿A be ur Q Be A A un HR 
WM Sŵ, Wan ^ 
(A vers gie 55 LUE v a 
; L [ UV å ki 4 y 
| he , Fi a M jus Ha å 4 
m y n3 YM HA 
MAGA se N p ids 
TERES f, 157: 5 W ToU m LÅ 
t P | MATT, FG MEU ` ÎN D ing y o 
ET I A 
pi h mU ny 
n Ar MW A 








y mE 
mE I 








NAVAL POSTGRADUATE SCHOOL 


Monterey, California 








AN INVESTIGATION OF THE 
NUCLEAR CONTINUUM IN THE 
FISSIONABLE NUCLEUS 238y 
WITH 87.5 MeV ELECTRONS 


by 
William Alvah Houk 
and 















Richard Warren Moore 


March 1977 










Thesis Advisors: DR. Buskirk | 
Pirchan 





Approved for public release; distribution unlimited. 


1178059 





SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) ee 


REPORT DOCUMENTATION PAGE 


REPORT NUMBER 


READ INSTRUCTIONS 
BEFORE COMPLETING FORM 


2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER 
























5. TYPE er REPORT & PERIOD COVERED 
aster 's Thesis; 


March 1977 


6. PERFORMING ORG. REPORT NUMBER 


4 TITLE (and Subtitle) 
An Investigation of the Nuclear 
Continuum in the Fissionable Nucleus 

U with 87.5 MeV Electrons 

















8. CONTRACT OR GRANT NLMBER(®) 





AUTHOR(a) 


William Alvah Houk 
Richard Warren Moore 














10. PROGRAM ELEMENT, PROJECT, TASK 
AREA 4 WORK UNIT NUMBERS 





9. PERFORMING ORGANIZATION NAME AND ADDRESS 
Naval Postgraduate School 
Monterey, California 93940 












12. REPORT DATE 





CONTROLLING OFFICE NAME AND ADDRESS 







Naval Postgraduate School A 7 
Monterey, California 93940 13. NUMBER OF PAGES 
61 





15. SECURITY CLASS. (of thie report) 





MONITORING AGENCY NAME & ADDRESS/(ff different from Controftling Office) 






Naval Postgraduate School 
Monterey. California 93940 






Unclassified 


1Sa. DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16. DISTRIBUTION STATEMENT (of this Report) 


Approved for public release; distribution unlimited. 


DISTRIBUTION STATEMENT (of tha abetract entered in Block 20, If different from Report) 


SUPPLEMENTARY NOTES 


KEY WORDS (Continue on reverse side if necessary and identify by biock number) 


Kileetroexcitation 


Uranium 238 
Giant Resonance 


ABSTRACT (Continue on reverse sido if necessary and identify by block number) 

Electroexcitation of ^" U between 5 and 40 MeV was accom- 
plished using 87.5 MeV electrons. Data were recorded at 
Eating angles of 45°, 60°, 75? and 90” and an analysis 
was made using DWBA calculations and the hydrodynamic model. 
The results agree with the known positions, widths and cross 
sections of the Giant Dipole Resonances at E = 10.9 MeV and 
eV thus confirming the validity of our evaluation method. 





FORM 
z 
DD eg 1473 EDITION OF | NOV 68 1S OBSOLETE UNCLASSIFIED 
J: SECURITY CLASSIFICATION OF THIS PAGE (When Data Enter ed) 


SSS SSS ee nw" 





UNULLAOOLFPLEDL 


a eb a AA EEE 
$c. cumTv CLASSIFICATION OF THIS PAGE(W^en Detra Entered 





In addition, isoscalar and isovector E2 resonances and an 
isovector E3 resonance were found at 9.9 MeV (T » 2.9), 

21.5 MeV (T = 4,9), and 28.4 MeV (T = 8.1), exhausting 39%, 
50% and 88% of the respective EWSR, Although isospin cannot 
be determined from (e,e'), AT assignments were based on 


me roscopie and macroscopic considerations. 


m, 143 > UNCLASSIFIED 
-014-6601 SECURITY CLASSIFICATION OF THIS PAGE(When Dara Entered) 





Approved for public release; distribution unlimited 


An Investigation of the 
Nuclear Continuum in the 
Fissionable Nucleus 238y 
with 87.5 MeV Electrons 


by 


William Alvah Houk 
| Lieutenant, United States Navy 
B.S., University of Nebraska, 1970 


and 


Richard Warren Moore 
Lieutenant Commander, United States Navy 
B.S., United States Naval Academy, 1967 


ubmitted in partial fulfillment of the 
requirements for the degree of 


MAS FE FOD GO NOE NS PHYSEIGOS 


from the 


NAVAL POSTGRADUATE SCHOOL 
March 1977 





ABSTRACT 


2381 between 5 and 40 MeV was accom- 


Flocrroexcitation of 
plished using 87.5 MeV electrons. Data were recorded at 
Etta angles o0£ 45°, 60°, 75" and 90° and an analysis 
was made using DWBA calculations and ae hydrodynamic model. 
The results agree with ene known positions, widths and cross 
sections of the Giant Dipole Resonances Se JE se Vand 
14.0 MeV thus confirming the validity of our evaluation method. 
In addition, isoscalar and isovector E2 resonances and an iso- 
vector E3 resonance were found at 9.9 MeV (f = 2.9), 21.5 MeV 
Sa O) and 25.4 MeV (T 9 8.1), exhausting 39%, 50% and 


88% of the respective EWSR. Although isospin cannot be deter- 


mined from (e,e'), AT assignments were based on microscopic 


moa macroscopic considerations. 








Ic EN EEE 9 
ML. ER NA A mi 
III. THEORY ----------------------------2-2-2------------- i 
A A aaa 12 
O AA == === ee SS 13 
GE NENNE o 18 
D. NUCLEAR MODELS -------------------------------- 20 
MEE A A ng 
EV. DATA ACQUISITION/ANALYSIS ------------------------- 24 
V. a s er 28 
AE ne ee EE 28 
B. THE ISOSCALAR GIANT QUADRUPOLE RESONANCE ------ 28 
C. THE ISOVECTOR GIANT DIPOLE RESONANCE ---------- 29 
D. THE ISOVECTOR GIANT QUADRUPOLE RESONANCE ------ 30 
E. THE ISOVECTOR GIANT OCTUPOLE RESONANCE -------- 30 
CA AA ue 31 
E. Gookin eee A ness 32 
NO Eee mn rr 58 
DU ON LIST S L... 22222525 61 


ABE UB CONTENTS 








mali. 


III. 


IV. 


NL. 


Proton TABLES 


Experimental Parameters -—--------—--—--—-—----------- 34 
Half-Density Radius and Surface Thickness --------- 35 
Data Analysis Results ----------------------------- 36 
Giant Resonances A mm nnn 38 
Comparison of Giant Quadrupole Resonances --------- 39 
Comparison of Giant Dipole Resonances ------------- 40 








NKO. 


M. 


i2. 


15. 


14. 


E». 


Arbitrari 
E1 CO E4 

Goldhaber 
DWBA cros 
CS trd 
Teller mo 
Inelastic 
Inelastic 
Inelastic 


Inelastic 


Inelastic 
and backg 


Inelastic 
and backg 


Inelastic 
and backg 


Inelastic 
and backg 


Inelastic 
9.88 MeV 


Inmelastice 
resonance 


melastic 
resonance 


Inelastic 
21.55 MeV 


Inelastic 
28.40 MeV 


LIST OF FIGURES 


ly normalized DWBA cross sections for 
transitions calculated with the 
Teller meddeles a a 


SS Uon Long axis) and El (short 

nsitions calculated with the Goldhaber- 

del ---------------------------—------------- 
Sa spectrum 45? ------------------------- 
238 


U spectrum 60? ------------------------- 


299g Spectrum 75° ME lues er 


238, Spectrum 90? ------------------------- 


EFE cpecrtmumeror. 45 3 radiation tail 
round subtracted --------------------------- 


Nc c recti rum for 680°, radiation tail 
round subtracted --------------------------- 


#er ie) Spectrim for 15 , radiation tail 
round subtracted --------------------------- 


Center is pecera tor 907, radiation tail 
round subtracted --------------------------- 


Gross’ Section for EZ resonance at 


-— Q < G am o2 ee ee ee em === om em em Q G => == Q A Q «=> «=> ce «=> umbo Q  — am sp = a 


cross section for El (long axis) 
Peer EET EEE 


Eross section for El (short axis) 
eee EEE e a L... Ñ... 


cross section for E2 resonance at 





ACKNOWLEDGEMENTS 


Professor R. Pitthan was the single most important factor 
which enabled this thesis to be completed. His extensive 
knowledge of the theory behind this experiment was a constant 
ure O dmiormation in moments of crisis. Throughout the 
period of data analysis, only the total commitment of his time 
and effort made the timely completion of this project possible. 

We are greatly indebted to Professor F. R. Buskirk for his 
invaluable instruction in the theoretical aspects of this work, 
as well as the late hours required of him while the Linear 
Accelerator was in operation. 

Both of these gentlemen suffered the traumas of guiding 
this team through the maze of obstacles toward a meaningful 
work. For this we are most grateful. 

A special thanks goes to Professor J. N. Dyer for laying 
the foundations for our interest in this area, the technicians 
HH HcRarktand and Mr. D. Snyder for keeping the LINAC fully 
operational and the members of the W. R. Church Computer Center 
staff for their patience and assistance. 

Finally, we thank our wives and families for their patience 


and encouragement during the past year. 








i INTRODUCTION 


Prom the late 4930's until the present, photonuclear 
reactions have been used to study nuclear structure. Several 
groups have investigated E with this method. These in- 
clude Bar-noy and Moreh (BarM 74) and Gurevich, et al. 
(GurL 76) who employed bremsstrahlung beams and Veyssiére, 
Ek al. (VevyB 73) and Caldwell, et al. (CalD 76) who used 
monochromatic photons. The four above research groups lo- 
cated the maxima of the two Giant Dipole Resonance (GDR) 
branches °” at excitation energies of about 10.9 MeV 
and 14.0 MeV. 


2 
= (pop TA 


Lewis and Horen (LewH 74) measured 
"bump-like" resonance was found in the 10-13 MeV excitation 
energy range which was interpreted as a quadrupole resonance. 
EUprsoxdmatety-955 of the isoscalar sum rule was exhausted in 
this measurement. 

Wolynec, Martins and Moscati (WolM 76) have used the 


234 : : À : 
U (e,e'a) Th reaction to investigate the Giant Quadru- 


2533 
pole Resonance (GQR). Approximately 50% of the isoscalar 
energy-weighted sum rule (EWSR) was exhausted by a Breit- 
Wigner shaped resonance at 8.9 MeV with I = 3.7 MeV. 
Inelastic electron scattering was not used to identify 
and locate Giant Resonances in medium and heavy nuclei until 
about 1970, when both Magnetic Dipole and Electric Quadrupole 


Giant Resonances were identified in N = 82 nuclei (PitW 71). 


Since that time several (e,e') groups have been investigating 





nuclei of interest. This experiment is the first investiga- 
tion of a fissionable nucleus in the excitation range up to 


40 MeV. 


10 





ma “EXPERTUEBNTAL DETAILS 


PST was the target of 87.5 MeV electrons from the Naval 


Postgraduate School 120 MeV Linear Accelerator. Data were 
collected at constant incident electron beam energy and at 
Mr nc ano les £rom 457 to 90° in 15° increments, thus 
using the variation of the momentum transfer with angle to 
investigate Giant Resonances. A wider spread of angles was 
not necessary because the maxima cf El to F4 form factors 
mere included within this range (Figure 1 and 2). The eval- 
uation of backward angles was not a part of this experiment, 
therefore magnetic transitions were not observed. 

Samples of 99.974 enriched — were obtained from Ven- 
Eon Corp. and Research Organic/Inorganic Corp. and rolled 
meme, 004 inches tor the 90° scattering angle, 0.002 inches 
for the 75% and 60% scattering angles and 0.001 inches for 
the 45? scattering angle. Using the three different target 
thicknesses made it possible to optimize count rate while 
dehieving the required statistical accuracy. A summary of 
experimental parameters is listed in Table I. The general 
arrangement of the NPS linear accelerator is described by 


Bagtthan, et al. (PitB 77). 
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MENE ORT 
A. GENERAL 

Nuclei exhibit a shell structure in the approximation of 
independent particle motion. When a nucleus is struck by an 
outside particle, one of the nucleons is excited into a higher 
level, leaving a hole in the shell of the nucleus. If there is 
enough energy in the collision, the target nucleon may be re- 
moved from the nucleus altogether. The final states resulting 
from this excitation are generally particle-unstable and 
broadened so individual states often cannot be seen. Since the 
cross section for the photon excitation of these states is 
large, they were called Giant Dipole Resonances. 

In a single particle excitation, the energy of the Giant 
Quadrupole Resonance (GQR) should be 2hw Ge. CA In he 
shell model), but the strong collective nature of the resonance 
implies that many nucleons are excited and find themselves in 
a distorted potential produced by the now partly empty shells. 


This lowers the resonance energy by a factor of V2 or 


AON- (289 ) = 58A71/? wey 
> yz O ud 
In addition to the above isoscalar resonance, experiments show, 
and theory predicts, an isovector E2 resonance at higher energy, 


namely 13047173 


MeV (BohM 75). 

A similar picture is gradually evolving for the Giant Octu- 
pM Resonance, but due to the fact that in this case lho, and 
30, transitions are allowed by the shell model, the situation 


15 more complex. Generally it appears that those occurring at 


lower energies are isoscalar (AT-0) excitations which corres- 
pond to the collective motion of neutrons and protons in phase 


12 








with each other. At higher energies the isovector (AT-1) states 
appear because of the out-of-phase movement of neutron and pro- 
tons (BohM 75). 

Another way to explain the same phenomenon is similar to 
the theory of semiconductors. There is an interaction between 
the particle and the hole. This particle-hole interaction is 
attractive for isoscalar and repulsive for isovector states. 
For E2 excitations it thus raises the latter state to about 


1304 1/3 


x9 


MeV and lowers the former type of resonance from about 


MeV expected from the shell model to about OUS MeV 


80A 
as predicted by Bohr and Mottelson (BohM 75). 
DE ELECTRON SCATTERING 

Electron scattering has distinct advantages over photonu- 
clear reactions and Coulomb excitation by heavy, charged parti- 
cles. In photonuclear reactions, where the photon is absorbed 


in the nucleus, the amount of the momentum transfer is propor- 


tional to the energy of the photon by 
E = pc = hu. 


Moton absorption excites predominantly the El transitions. 
Usually only the (Y,n) channel is measured. For a fissionable 


Ss the (%,fission) cross section is large 


nucleus, such as 
while the (%,p) cross section is small due to the Coulomb bar- 
rier. In this case, the total photonuclear cross section is 
assumed to be the summation of the (9Y,n) and the (J,fission) 
cross sections. Electron scattering is more informative than 
the photonuclear reactions partly because all reaction channels 
are used, and also due to the ability to vary the momentum, q, 
transferred to the nucleus for a given constant excitation 
energy, Bs This allows one to excite multipolarities other 
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“cn excitation by the electric field of incident, 

heavy charged particles does not noticeably excite magnetic tran- 

sitions, but these can be excited by (e,e') at backward angles. 
For elastic scattering by any nucleus, the magnitude of the 


momentum transfer is given by 


2 2 % 
= - k 6 ` 
q (ki -+ k, 2k, 2 cos 8) 
where k, and k, are the incident and scattered electron momen- 
tum respectively and 9 is the scattering angle. For incident 


and scattered electron energies that are much greater than the 
electron rest mass, the momentum transfer simplifies to 
2 A 


q = 4k,k, sin > 


By varying the scattering angle, various values of momentum 


transfer are achieved. 


The cross section for elastic electron scattering in the 


plane wave Born approximation is determined by 
> > > 2 
fee T dt 


=> . e 
where p(r) is the nuclear charge density as a function of the 


- (88) 


do 
dí 


d? OBS 





MOTTI 





radius vector from the center of the nucleus and q is the momen- 
tum transfer vector. The expression under the integral is 
Called the form factor and contains all the information concern- 
ing the nuclear structure. The Mott cross section for a rela- 
tivistic electron, scattered from a nucleus of point charge Ze, 


neglecting recoil, is 


Za? : Fe 8/2 


do 
GE) a) EEE 
d5? MOTT DE ; 
Ed Ja 0/2 
ere cb. is the incident electron energy. 
Electrons are inelastically scattered if they lose energy 


due to the excitations of transitions from the ground state of 


the nucleus to an excited state. The form for the inelastic 
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scattering cross section has both longitudinal and transverse 
parameters (IsaB 63) and is far more complicated than that for 
elastic scattering. 


In the plane wave Born approximation, the differential in- 
elastic cross section is the sum over the separate electric 


Eaamagnetic multipole transition cross sections (The 72), 


do E dc dc 
CIQ’? PWBA ü ¿ (aq) EX eg Coma: 


with the electric multipole terms given by 


do 2 2A =2 n 


Go nr” a a, q K. HO) SGI aly I ete) I) 


“a 
cs AU GDIR 


and the magnetic multipole terms by 


dc 2 


_ 1 
GET wn a a ° 


2A, -2 z 
48 kj BM,q,I *I )V. (9) R 


For these equations 


a, E NO TANI E 
) 
k = E /hc 
O O ) 
R = 1 + fic (k /Me~) (1 - cos 9) ; 
15 





where 


Å maamo tion miltipolarity, 
a = fine structure constant, 
Pi = primary electron energy, 
8 = Scattering angle, 

M - nuclear mass. 


Da O factor which accounts for the recoil of the nucleus. 
The (four vector) nuclear current density is divided into 
two components which are parallel, (V, (9), and perpendicular, 


Vr09), to the momentum transfer (three vector) q: 


2 
1 
v, (9) -+ ses, 9/2, | 
sir 9972 
1 1+sin* 9/2 
VE (8) = 8 Cana) . 
sin 9/2 


ee) corresponds to the electron interacting with the 
nuclear charge and V. 8) involves the nuclear current and 
magnetization density contributions. The current, charge 

and magnetization densities are the matrix elements of 

the respective transition operators between initial and final 
nuclear states (The 72). These operators in turn are used 


to obtain the reduced transition probabilities (B-values). 
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The theoretical form factor can be computed by the Born 
mpi o i m Cion which 15 good for light nuclei, in which the 
incident and scattered electron wave functions are assumed 
to be plane waves. As the Z of the nucleus increases, the 
Coulomb field surrounding the nucleus distorts the incident 
and scattered electron wave functions requiring the use of 
the distorted wave Born approximation. The distorted waves 
are calculated by solving the Dirac equstion numerically with 
a computer program (TuaW 68). 

The experimental cross sections for various values of 
momentum transfer are compared to the DWBA cross sections 
calculated with the Goldhaber-Teller model. The multipol- 
arity assignment of the resonance is based on the DWBA curve 
which best compares with the experimental cross sections. 

ehe limit as qo k = E / lc (the so-called photon point), 
BEP q) and B(MA,q) become the reduced matrix elements for 
Y transitions. Electron scattering mostly uses the B-values 


at q = 0, which are 


2 
B(EA) = (2241) fe? occ. arc 


> 
where Ee is the spherical harmonic function and på (r) is 
r 
the transition charge density (ZieP 68). 
The square of the form factor is related to the reduced 


Aransition probability B(EA) by 


> 2 
B(EÀ) Eee 
|F (q^)| 
DWBA 
: n i D 2A 
=e ethe DWBA calculations are normalized to B = 1 e fm : 


ly 





C. NUCLEAR DEFORMATION 

Nuclei have a tendency towards achieving and maintaining 
closed shells; spherical shape occurs with a closed shell. 

By adding several nucleons outside the closed shells, the 
spherical stability is altered and the nucleus becomes a 
prolate spheroid. Deformation increases until the next shell 
becomes half-filled, then the spheroids become less prolate 
until spherical symmetry returns when the next shell is filled. 
During this process there is a force associated with the 
Coulomb energy of the charged sphere (closed shell) which 
resists deformation caused by the outside nucleons. There 
are also pairing forces between two nucleons which cause 
coupling of the angular momentum and result in a total angu- 
lar momentum for the pair equal to zero. 

One can imagine the closed shell nucleus as a charged 
sphere with an inpenetrable but deformable surface membrane. 
As two protons are added outside the closed shell it would be 
reasonable to assume the two would migrate to opposite sides 
of the sphere due to the Coulomb repulsion. This would result 
in a small deformation of the overall spherical configuration. 
With the pairing force between the nucleons, the two protons 
couple together with a total angular momentum equal to zero. 
mis coupling is more effective in spherical nuclei than in 
those that are deformed. At small deformations, the pairing 
Hurre Will strongly tend to restore spherical symmetry; but 


rae deformations, there is very little effect (Szy 70). 
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Deformation of nuclei shows up clearly in Giant Resonance 
research. The Giant Dipole state of the nucleus splits be- 
cause a nuclear vibration along the short axis has a higher 
frequency, and one in the direction of the long axis has a 
lower frequency. Due to the increasing number of sublevels, 
the splitting is not noticeable for multipole resonances 
higher than the GDR, but a broadening has been observed (MooB 
76). Bohr and Mottelson (BohM 75) state that the GDR split- 
ting is proportional to the deformation of the nucleus by 

(E) I [E(v-1) - E(v=0)] 7 Å, 
where duct is the mean resonance energy and AR is the 
difference between the principal axes of the nucleus. The 
v = 0 term represents oscillations in the direction of the 
nuclear symmetry axis and x = l is associated with oscilla- 
tions in the two perpendicular directions. Danos (Dan 58) 
gives the relation between the energies, E and E, of the 


splitting of the GDR as 


E 

bd Fr uo. 

E > Or oye b 

a 

where a and b are the lengths of the long and short axes of 
the deformed spheroid. He also gives the relationship be- 
tween the reduced transition probabilities (B) of the long 
and short axis resonances as 1:2. This ratio has been proven 


to be approximately right in this experiment as well as in 


past photonuclear work. 
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D. NUCLEAR MODELS 

Coldhaber and Teller (GolT 48), who gave a theoretical 
description of the GDR (see also Mig 44), discuss three 
alternative models for the Giant Dipole Resonance: 

1. The force which displaces a proton from its average 
Position in the nucleus is proportional to the displacement. 
ioc force will be the same for all nuclei and for every 
proton in the nucleus. In this model, the GDR has the same 
excitation energy in every nucleus. 

2. Motion of neutrons and protons in the nucleus causes 
a change in density of the neutron and proton fluids with a 
restoring force proportional to the gradient of these den- 
sities. The excitation energy (E. = Aw) of the GDR, which 
varies as the square root of the restoring force, is propor- 
tional to ar 

3. The neutrons and protons are assumed to behave as 
Brosinterpenetrating fluids with a restoring force propor- 
tional to the surface area. The excitation energy is propor- 
tional to the square root of the force, or A 1/8, 


The second model was expanded in greater detail by 


Steinwedel and Jensen (SteJ 50) which led to the formula 


-1/3 
No ENSIS (Ube 71) 


In model three, Goldhaber and Teller assume a charge density 
p Cr) of the ground state was rigidly displaced and the 


total charge density could be expressed as 


JON 5 - 2d «Fo (r) 
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> 
if the displacement vector, d, between the centers of the 
neutron and protons spheres were small. fhe transition 
charge density O. (I) pierna 
p r Cer ===] 


tr _ dr 


[per jm sep in his generalization of the hydro- 
dynamic model, assumes the nucleus to consist of four inter- 
EueEratuus fluids. neutrons with spin up (nt), neutrons 
with spin down (n4), and likevise ch protons 4654). (p). 
Mila tion of any Ewo of these fluids 180" in or out of 
phase against the other two gives rise to four possible col- 
lective modes. 

HG (pt,pt) against (ni,n4), the isospin or Goldhaber- 


Teller mode (i). 


2. (pt,nt) against (py,ny), the spin-wave mode (s). 
EG ia) against (pt .nt), the spin-isospin mode (si). 


4. All four fluids oscillating in phase. This produces 


a compressional oscillation called a breathing mode. In 
this experiment, only the Goldhaber-Teller model was con- 
sidered for the El transitions. 

The elastic scattering cross sections were computed with 
a phase shift program (FisR 64) assuming a Fermi charge 


fest ribution 


= 1 
BE 


= 1 + Smile 
pr) Po [ A ] : 


where på is a normalization density, c is the half density 


Penis C5 the skin or surface thickness and r is the 


Zale 








Mee lal Coordinate. The half density radius is the 
distance from the center of the nucleus to the point where 
the density has been reduced to one-half maximum value. The 
skin thickness is measured between the 10% and 90% points of 
r distribution. The values c s 6.805 fm and t = 2.66 
fm were taken from the ea of DeJager, DeVries and 
ucvries (DeJD 74). The parameterization into qn and Cer 

of Ziegler and Peterson (ZieP Gu wadas used for the inelastic 
Sereulations. Table 2 is the summary of all C er and p: 
pues used for the inelastic transition densities in this 
work. Values of Ea different from 1.0 were used for the 
GDR corresponding to the long and short axes of the deformed 
uranium nucleus, which were calculated using Danos' formula 
(Dan 58). The deformed nucleus is treated as two spheres 
tn radii equal to that of the short (a) and long (b) axes 
of the ellipsoid. The so-called equivalent s ES 
defined as the radius of the sphere which has the same volume 
as this ellipsoid. The C,, Were calculated by multiplying 
the ground state charge density parameter c with the ratio 
GF alt. amd DS respectively; t was assumed not to 


er 


aearrfer from t. 


pe SUM RULES 
For any quantum mechanical system the energy-weighted 


Eun rule 


L Bene >]. arela |Y_> (Irv 72) 
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Rore Hermcc lan operator Q. For (e,e'), the 
energy-weighted sum rule is especially useful because it 
depends mainly on the known nuclear charge distribution in 
the ground state and is insensitive to nucleonic correlations 
which are strongly model dependent (NatN 66). From this 
Bea anO. various Sum rules have been used for elec- 


tric and magnetic multipole resonance analysis. 


In this work the isoscalar sum rule for A>l, š 
22 26-2 
Zehen 2-2 

= = ——_ nU N.° < > NatN 66 

S(EX, AT 0) alan R , (Na ) 
p 

was used, where ED is the mass of the proton and «p2^72, the 

moment ground state charge distribution of the nucleus. This 


sum rule does not consider interference terms between iso- 
En ar and isovector excitations. For the @Sovector reson- 


ances of A>1, the sum rule is 


S(EA,AT = 1) = S(EA,AT = 0) Gm. 


Ihe energy-weighted isovector sum rule for electric dipole 


resonances is 


S(E) = se å (E, 
jo 87M, A (WarW 69) 
: 238 
Table IV gives the energy-weighted sum rules for Ucalcu-= 
2 4 4 34 
Maced with SR?” 25.730 fm and 5?” = 6.124 fm , which 


turn vere calculated by numerical integration of the 


ground state charge distribution. 
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a DATASAGOISITION/ANALYSIS 


ENE Clect rong were scattered at 45° to 90° scatter- 
ing angles by self-supporting EI foils using the NPS 120 
MeV LINAC. The targets were positioned to bisect the scat- 
tering angle so that the path length of the electrons in 
the target was at a minimum. The transmission mode was used 
in order that all the electrons traveled the same path length 
to reduce line broadening or energy straggling due to ioniza- 
tion. After scattering, the electrons were analyzed in a 
16" magnetic spectrometer with a counting system consisting 
Emu Seintiliation counters linearly arranged in the focal 
plane to cover a 35 momentum range. Table II summarizes 
basic target and counting system parameters for each run. 
Data were read from the counting system through an Altair 
8800 microcomputer onto a magnetic tape compatible with the 
mem 360/67 Computer. 

The spectrometer energy was decremented in 0.1 MeV steps. 
The summation of data from all counters resulted in an elas- 
tic and an inelastic scattering spectrum. The latter was 
analyzed from 5 to 40 MeV excitation energy with a least 
Squares fit program using Breit-Wigner type resonances. 

Incorporated into this analysis is the evaluation of the 
background included in the inelastic spectrum. A large part 
Meelis background is the elastic radiation tail which is 
caused by photon emission before, during and after the scat- 


Merrie event, pilus energy straggling and ionization. In this 
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experiment, the radiation tail was calculated using the form- 
EE On an the Born approximation, of Ginsberg and Pratt 
Cing 64), and substituting the actual elastic cross section, 
based on the phase shift calculation of Fischer and Rawitscher 
(FisR 64). Along with the radiation tail, general room back- 


" and electrons scattered 


ground, measured with the "target out,' 

by the target and subsequently scattered by the spectrometer 

walls, form the total background of the inelastic spectra. 
The total background was described as a function of the 


energy (E ¿) of the outgoing electron. Two different background 


functions were used: 


BGR ce PECET DR (1/E,) PP ge RE 


i| 2 3 


and 


PP EE y P 


il 2 2 


where the P, are the fitting parameters, E' is the energy cen- 


BGR (E) RØE. 


£ 
Engot the Fitting range and RI is the radiation tail. There 
was virtually no difference between the results obtained using 
Die two functions. Ihe second function was used in the final 
analysis of all spectra. 

There are three alternate criteria for placement of a 
mesonance in the spectrum; (1) the observation of the reson- 
ance peaking above the flat expanse of the radiation tail and 
background, (2) the knowledge of resonances found by photo- 
nuclear and photofission experiments (BarM 74, GurL 76, VeyB 
73, WolM 76), (3) the necessity to add a resonance to achieve 
a consistent overall fit. In the case of uranium, it is dif- 


mt to use the first criterion above for reasonable 
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pin me With eclectrom Scattering by heavy nuclei, very 
few of the collective states are visible to the naked eye in 
the spectrum, uncorrected for background radiation. It is 
only after the subtraction of the elastic peak radiation tail 
and other radiation due to Bremsstrahlung that the spectrum 
begins to exhibit the structure of the Giant Multipole Reson- 
ances. All lines were fitted using the Breit-Wigner line 
form. This line form was used instead of the Lorentz or 
Gaussian line forms because it was found to better fit photo- 
muclear data by Gordon (Gor 75). 

A very large structure was first observed at 45" at the 
EEcutearizon energy of 6.2 MeV with a full width half maximum 
aao: 4.5 MeV. So unusual was this position and strength 
that the other angles, as well as older data from both 
spherical and deformed nuclei, were investigated and a special 
run was done AC Through analysis of these results, it 
was determined that the spectrometer itself was causing a 
pseudo-resonance (ghost peak). The elastically scattered 
electrons hit the spectrometer wall at a magnetic field of 
92% of that corresponding to the elastic line, enhancing the 
Beimeidence count rate. The exact position, width and 
approximate line shape were determined from the well known 
aC spectrum. Although the line shape appears to be complex, 
a Breit-Wigner shape fits closely. The area was a constant 
fraction of the elastic peak (-.015). This was large enough 


to envelop any possible collective states from 3.5 MeV to 
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8.5 MeV excitation energy and made it difficult to evaluate 
the lower end of the spectrum. 

The analysis of the data followed a basic procedure 
which started with the aforementioned reasons in attempting 
to fit a resonance at a specific energy. A least squares 
curve fitting program was used to evaluate the spectra num- 
Exucallv. A value of _ (per degree of freedom) of less 
than 1.0 (expected value) indicated compatibility of back- 
ground and the resonance energy, strength and width with the 
data. Initially, photonuclear results for the GDR were in- 
Berted and kept constant. By physically sighting bumps in 
the spectrum and with the knowledge of the smooth variation 
of Giant Resonances with mass number from previous work 
(PitB 74), other lines were inserted into the spectrum. 

Once a line was inserted, excitation energy and full 
mend Eh half Maximum were held constant to reasonably expected 
values and the curve fitting program gave the resulting tran- 
dition strength (B) and x^ value. Continuous recycling of 
the data, using various combinations of resonances, excitation 
energies and values for full width half maximum, yielded x 
values and transition strengths. The overall results of this 
data analysis for each scattering angle are contained in 
maple III. 

The cross section of each of these resonances was plotted 
versus momentum transfer and compared to the curves calcu- 
lated for the DWBA program (TuaW 68). The result was a des- 
ignation of the multipolarity of the resonance, as well as 
the strength and half width. 
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NR ES UL TS 


A. “GENERAL 

The results of the curve fitting for each spectrum are 
given in Table Ill. In Table IV, the various strengths ob- 
served for each line are averaged. As mentioned earlier, 
Breit-Wigner line shapes were used for all resonances. 

Heures NEeh rush 6 snow the inelastic spectrum for all 
angles at which data were taken. They are corrected for the 
constant dispersion of the magnetic spectrometer. From these 
curves several features are noteworthy: (1) the spectrum 
Bel: has very little noticeable structure; (2) radiation 
tail and background are large and present some problem in 
resonance evaluation: (3) the radiation tail decreases when 
going from forward to backward angles. However, after sub- 
Aaa ok background (Figures 7 to 10), the variation of 
resonance strength as momentum transfer increases from 45? 
to 90° scattering angle can be seen. 

Errors in cross section as shown in Figures li through 
15 were based on the statistical errors. The errors of 
excitation energy, width and B-values are best estimates 
from the minimum and maximum values of the parameters which 
wouid fit the spectrum, while still achieving a x* of less 


shan l.l. 


B. THE ISOSCALAR GIANT QUADRUPOLE RESONANCE 
Figure 11 shows that the resonance found at 9.88+0.21 


MeV with a width of EM MeV conforms to an E2 DWBA 
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cross section. Exhausting 39% of the energy-weighted sum 
Cute 4t has a reduced transition probability of 36704400 

al Excitation, width and strength (Table V) are in agree- 
ment with the (e,e',«) measurements (WolM 76). Et is not in 
agreement with the excitation energy and strength from (p,p') 
experiments (LewH 74). It certainly is possible that the 
existence of the ghost resonance in this work could have 
affected the position and width of this line, which has the 


lowest excitation energy of those evaluated. 


THE ISOWECTOR GIANT DIPOLE RESONANCE 

As explained above, the GDR (AT - 1) is split into two 
distinct resonances due to the deformation of the nucleus. 
These two resonances were evaluated with the GT model using 
wosdifferent transition charge distributions with radii 
proportional to that of the long and short axes of the de- 
formed nucleus. 

The GDR associated with the long axis of the nucleus was 
found to be at 10.77-10.25 MeV with I- 3.2t-t0.4 MeV. As seen 
in Table VI, this is a slightly lower energy than found in 
her the (y,n) results (VeyB /3, CalD 7/6, GurL 76) or the 
BEI experiment (BarM 74). The results of the past and 
present work agree within the errors. The curve shown in 
Figure 12 was normalized to the photonuclear (GurL 76) re- 
peed transition probability of 30.4 EU to show how well the 


results compare with the known photonuclear information. 
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Associated with the short axis of the nucleus is the GDR 


Koda, 13.9440.24 MeV with I = GENE MeV. Table VI 


contains the resumé of all work done with this resonance. 
Figure 13, like Figure 12, is normalized to the photonuclear 
Maasin probability of Gurevich, et. al, (40.9 T 

(GurL 67). This agreement shows that the evaluation method 
used is basically correct. The slightly lower excitation 


energy may be due to the different dependence of the resonance 


wom the excitation energy in (y,n) and (e,e') (Gor 75). 


Do THE ISOVECTOR GIANT QUADRUPOLE RESONANCE 

Although some work has been done on the isoscalar GQR 
region in x there has not been any investigation in the 
20 - 40 MeV region. The experiments show an excitation 


-1/3 vev 


energy of 21.55t0.60 MeV which agrees with the 130A 
wle found in both spherical (PitB 74) and deformed (MooB 76) 
u ei The width of 4.95-*0.55 MeV, but not the strength, 
50484 EWSR (Table IV), are expected from the trend of the 
results in ELS Ri cB 74) and 109110 (MooB 76). This reson- 
ance was not seen in the 45” spectrum however the GQR should 
be very small at 45^. This negative result is probably due 
to the ghost peak. The line and arrow drawn in Figure 14 


indicate the maximum cross section of the GQR that the curve 


fitting program Would accept, maintaining ON 


E. THE ISOVECTOR GIANT OCTUPOLE RESONANCE 
Enc Nstrenertheds more widely distributed and more diffi- 


cult to locate than the quadrupole strength since the shell 
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model allows both lho and 3hw transitions for octupole 
excitations, but only 210. tor quadrupole excitations. A 
resonance comparing favorably with an E3 DWBA cross section 
pure 15) was found at 28.4+1.20 MeV with T = 8.07+1.1 MeV 
and exhausting 854154 of the EWSR. This excitation energy 


corresponds to 1764 1/3 MeV; thus, it is lower than the 


ES 


195A MeV found in spherical heavy nuclei, but in quali- 


: sa AOG 
tative agreement with the corresponding resonance in Ho. 
Based on its excitation energy, strength and angular distri- 


bution (see discussion in Part III A, above), this resonance 


Em“ be classified as the 3 kw (AT=1) resonance. 


Ei OTHER STATES 

mwc wand 90 spectra (Figures 7 and 10) of this report 
show one other state which has not been identified or discussed 
so far. At 17.0+1.8 MeV, a structure of 3.9+1.8 MeV wide is 


Sus MeV 


indicated. Although the energy position of 106A 
closely compares to the isoscalar E3 resonance predicted by 
the shell model (Ham 72), it does not follow the angular dis- 
aabutlon for an E3 cross section. Further investigation is 


needed to state the multipolarity and strength of this 


structure. 
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VI. CONCLUSIONS 


The excitation energy range between 5 and 40 MeV was 
238 
measured in U and analyzed for Giant Resonance structure 
in the continuum. Ihe data are in principal agreement with 
current experiments and microscopic and macroscopic theoreti- 
cal considerations. Table IV is a compilation of the results 


of this experiment. 


The following results should be emphasized: 


1 In all nits, (he isovector E3 resonance at 28.4 
LEN MeV has significantly lower excitation energy in 
Ev ehan in previously reported spherical nuclei. In 
B iu and ph. the resonance was found at 33.5 MeV and 
ee) MeV respectively (PitB 74), following an 1954 1/3 MeV 
Eme. Moore, et. al., (MooB 76) reported the isovector E3 
resonance at 34 MeV in e which would correspond to 
150 1/3 MeV. As both e and C are deformed nuclei, 


it must be concluded that the deformation lowers the expected 
excitation energy of the shell model. 
2. The isoscalar E2 resonance has a lower excitation 


in Ineaddıtıon,zonl, 


energy than previously reported in 
EE Of the isoscalar BWSR is exhausted. 

3. Both parts of the isovector GDR, split due to 
Uu “Ormation, conform to the photonuclear data. 

G, The isovector GQR is in agreement with the 130A 1/3 


Mev rule found from other nuclei. Mae resonance was seen 


Dia but the 457 spectrum; but even in the latter case 
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FE ali would accept a line at the right energy, thus 
bc inc anwupper limit to the strength. 

Future effort should be made in the energy region above 
16 MeV to determine the nature of the structure at 17.0 MeV. 
Furthermore, at low energies, the ghost peak of the Naval 
Postgraduate School Linear Accelerator dominated the spec- 
trum such that little evaluation was possible below 8.5 MeV. 
Any improvement which would reduce the ghost peak would aid 


Fugure measurements. 
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EBLE i. EXPERIMENTAL PARAMETERS 


Spectrometer Target Spectrometer Energy Range 

Angle Thickness (MeV) 

(Degrees) Ga Elastic Inelastic 

HE 48.13 90.0 - 82.0 85.9 - 45.0 
60 91.45 BONO BONO G6.0'— 45.0 
NG 91.45 90.0 - 82.0 82.0 - 45.0 
90 192.64 90.0 - 82.0 82.0 - 45.0 

Capacitor Scale Integrator Range Beam Current 
(pf) Scale (Volts) (Amperes) 

Plastic Inelastic Elastic Inelastic Elastic Inelastic 
O. 10 On 0.03 OO 1.4x107? 1.4x107/ 
0.50 0.50 0.30 3.0 O I NO 
0.50 0.50 0.30 10.0 AA Talo. 
0.10 0.10 0.30 10.0 5.4x10  8.9x10 0 

Elastic Momentum Incident 

Transfer Squared Beam Energy 

q^ (£m?) (MeV) 

DING | 87.76 
0.198 Que A 
0.293 87.60 
0438 7 86.64 
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NAPP IT.  HALE DENSITY RADIUS AND SURFACE THICKNESS 


mransition Ç dE C £ 


Er Er 
El (long axis) 6:805 2.66 1. 24 1700 
F (short axis) 6.805 2.66 0.90 1.00 
E2 6.805 2.66 oo 1.00 
ES 6.805 2.66 1.00 1.00 
E4 6.805 2. 66 1:00 NAO 
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TABLE III. 


DATA ANALYSIS RESULTS 


45 DEGREES 
Energy Q 
(MeV) (em > 
Dn] 0325 
DO! 74 Oo 27 
i. 80 0320 
17.10 0 15 
ga. ao 05515 
255. 50 0.314 
60 DEGREES 
Energy Q 
(MeV) (£m > 
9237 05422 
O. 72 0.420 
i 9:8 0.414 
Bal 35 0.402 
23.55 05 95 
75 DEGREES 
Energy Q 
(MeV) (£m * 
9.87 0.512 
i 72 0510 
14.08 02501 
21.43 0.483 
28.40 0.468 


Multipo- 


larity 
(EA) 


EZ 
El 
Fl 
E2 
E3 


Multipo- 


larity 
(EA) 


E2 
BL 
EIS 
F: 2 
Bs 


Multipo- 


Jarity 
(EA) 


B2 
EL 
El 
E2 
E 
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Porm Factor 


Squared 


Bm Fl eb Hp P 


Forn Factor 


43x10 
.34X10 
22210 
TAG UD 
229x010 
"062510 


Squared 


NRP få (b3 


Born, Factor 


26X10 
.09X10 
.49X10 
Sanos 
EON 


Squared 


IF P KH o m 


21x0 
.50X10 
. 94x10 
„43x10 
HC as 


-4 
-4 
-4 
=D 
-4 
=> 


4 
4 
4 
2 
3 


< 
5 
a 
= 
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TABLE III. (CONTINUED) 


90 DEGREES 

Energy Q Multipo- Form Factor B Value 

(MeV) (fm Í) larity Squared Ei 
(E2) 

10.02 0.587 E2 PE 27X10 

10.92 0.584 El eo 12x10! 

13.90 o El INL S 5.66x10* 

7.10 0.564 ae a l 

21.63 0.550 E2 Mordor zs 

29.16 EE! E3 O 5.42x10> 
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TABLE V. COMPARISON OF GIANT QUADRUPOLE RESONANCES 





Reference E, (MeV) T' (MeV) $ EWSR Type of Reaction 
LewH 74 10-13 |  --------- 85 (p,p') 
+ + 
WolM 76 IRI NE 27 o 50 (e,e'«) 
This work 9.88 = 0.21 2.88 * $1] 39 (e,e') 
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FIGURE 3. 
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FIGURE 4. 
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BIGURE >. 


Inelastic 


24 


22 


200 


£m^/sr- MeV) 


10 


| 


TC 


SU Spectrum 75? 





2 10 19 20 


Excitation Energy 


45 


25 


(MeV) 





40 





FIGURE 6. 


228 


Inelastic U spectrum 90° 


E EIU) 


( 107? 


x 


a TUE 


t- - — — 


38 - 


80 + 


-J 
RO 


O^ 
+ 
— — ss 


in 
ON 








O 5 10 15 20 25 30 35 40 


Excitation Energy (MeV) 


46 





ETGURE |. 





te, e) spectrum for 459, 
radiation tail and background subtracted. 


Inelastic 


(AAN) Åbiadug uoTtJPITOXY 


OG GC 


A A E o 





OG 


mem fh -- 
mi. vr 


Gl Ol ° 


ETD EU ee ee ap 
Edd TS tct €t UN uw nct om 





â7c/dndE, MEN US 


47 





FIGURE 8. 


spectrum for 60°, 


LE LE 
radiation tail and background subtracted, 


Inelastic 


( A9W) 





Ábxəusq UOTFEITOXY 


Oc T 








MÆ aga rr 


es et 
r ene Reg UUN ene atre tsi al 5 TI 
Aa, ~ 
a « 
Al E <> 
Tag 





NO 


ON 


N 
ex 


GL 


a*o/åndE, (1074 Ee 


48 





SURE 9. 
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Mmeélastic cross section for El (long axis) resonance at 
10.77 MeV. 
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SURE 13. 


Inelastic cross section for El (short axis) resonance at 
13.94 MeV. 
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cross section for E2 resonance at 21.55 MeV. 
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FIGURE 15 





Bicure l. 


Figure 2. 


Figure 3. 


Bieure 4. 
ipure o. 
Figure 6. 


lEroure 7. 


Pigure 8. 
gure 9. 


Figure 10. 


FIGURE CAPTIONS 


DWBA cross sections for El to E4 transitions 
divided by the Mott cross section. The 
cross sections are based on the Goldhaber- 
Teller model for a spherical nucleus with 
Ehe nc E values From Ref. (DeJD 74). All 
curves are normalized to equalize the first 
maxima. 


DWBA cross sections for the El transitions 
associated with the long and short axes of 
Ehe 2380 prolate spheroid. 


Spectrum of 87.5 MeV electrons scattered 
inelastically from 238g under 45°. Background 
and radiation tail are included and the count 
rate has been corrected for the constant 
momentum dispersion of the magnetic spec- 
trometer. Note the suppressed vertical scale. 


Same as Figure 3 but for 60°. 
Same das Figure 3 but for 75°. 
Same as Figure 3 but for 90°. 


Spectrum of 87.5 MeV electrons scattered 
inelastically from 238y under 45°. The fitted 
backemuounmam consisting of radiation tail caused 
by photon emission, general room background 
and the Background consisting of electrons 
originally scattered by the target but addi- 
tionally scattered by the walls of the spec- 
trometer) has been subtracted showing clearly 
the relative peak heights of the various 
resonances. The count rate has been corrected 
for the constant momentum dispersion of the 
magnetic spectrometer. Comparison of the 
mesonaneces In Figures 7 through 10 indicate 
the various multipolarities. The ghost peak 


(E. 238500780550 5.5 MeV) has been subtracted 


from this spectrum. The error raises with 
excitation energy due to the correction for 
the constant momentum dispersion of the mag- 
netic spectrometer. 


Same as Figure 7 but for 60°. 
Same as Figure 7 but for 75*. 


Same as Figure 7 but for 90°. 
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Figure 


Flgure 


Figure 


Figure 


Figure 15. 


Tl. 


12% 


15. 


14. 


Comparison of relative DWBA and experimental 
cross sections for the resonance found at 

9.9 MeV. This nicely fits the E2 DWBA cross 
section but is definitely not an E3 resonance. 
39% of the isoscalar E2 EWSR is exhausted. 


Relative DWBA cross section for GDR long axis 
IB = 10.8 MeV) is plotted as reported by 


Curevich, et. al. (Gurl 76). The experimental 
El results of this work fit exactly to the 
photonuclear data. Also included for com- 


parison is the E2 DWBA cross section. 


me re buk tor El short axis (E, = 
13.9 MeV). Results of this work do not fit 
the photonuclear data as well as the GDR long 
axis, but they are very close. The point at 
momentum transfer of .32 fm 1 (45%) is being 
affected by the ghost peak more than any of 
the others. 


Relative DWBA cross sections using the 
Goldhaber-Teller model as compared to the 
resonance at 21.6 MeV with T = 5.0 MeV. The 
podes cane ds intormatlon (.31 fm Jl) 
is an upper limit to what the curve fitting 
paopao eccecpt with vcl.  Favoring an 
E2 acontiz nation over an E3, it exhausts 50% 
ot the isovector E2 EWSR. 


Relative DWBA cross section using the Goldhaber- 
Teller model for the structure at 28.4 MeV 
oita width of 8.1 MeV. Once again, 45° 

(MEL fm71) is an upper limit to what would fit 
into the spectrum. An E3 assignment is favored 
over E4 and 88% of the isovector E3 EWSR is 
exhausted. 
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